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Dimensions of SustainabilityDimensions of Sustainability
EconomicEconomic

New linkages in marketsNew linkages in markets
Direct effects (supply, demand, price)Direct effects (supply, demand, price)
International tradeInternational trade

EnvironmentalEnvironmental
Direct effectsDirect effects
Indirect effectsIndirect effects
Ecosystem servicesEcosystem services-- coproductioncoproduction

SocialSocial
Regional, National, and InternationalRegional, National, and International
New Energy EconomyNew Energy Economy-- renewablesrenewables and advanced technologyand advanced technology
Food, Fuel, Feed and FiberFood, Fuel, Feed and Fiber



Sustainability FrameworksSustainability Frameworks

International DialogInternational Dialog
Global Global BioenergyBioenergy PartnershipPartnership
Roundtable on Sustainable Roundtable on Sustainable BiofuelsBiofuels

CertificationCertification-- ForestryForestry
National DialogNational Dialog

Interagency working group on sustainabilityInteragency working group on sustainability
EISA 2007 EISA 2007 biofuelsbiofuels mandatemandate
Federal environmental regulations and standardsFederal environmental regulations and standards

StatesStates
Best Management PracticesBest Management Practices



Example Sustainability CriteriaExample Sustainability Criteria

GlenisterGlenister SGSSGS
Net Reduction of greenhouse gasesNet Reduction of greenhouse gases
No competition with food, local energy supply, No competition with food, local energy supply, 
medicines and construction materialsmedicines and construction materials
No loss of biodiversityNo loss of biodiversity
Maintain or improve environment (soil, water, air)Maintain or improve environment (soil, water, air)
Contribution to local/ national economyContribution to local/ national economy
Contribution to local wellContribution to local well--beingbeing



Example Sustainability CriteriaExample Sustainability Criteria

EnvironmentalEnvironmental
Conserve CarbonConserve Carbon
Conserve BiodiversityConserve Biodiversity
Sustainable waterSustainable water
Soil ConservationSoil Conservation
Air QualityAir Quality

SocialSocial
WorkerWorker’’s rightss rights
Land rightsLand rights
Food security and Food security and 
availabilityavailability
Share benefit locallyShare benefit locally

World Wildlife FoundationWorld Wildlife Foundation

““the right crops and tress in the right place with the right techthe right crops and tress in the right place with the right techniquesniques””



Not all Not all biofuelsbiofuels are the same!are the same!

GrainGrain--based (food, feed)based (food, feed)
SugarSugar--based (food)based (food)
Oil plant (food, oilseeds)Oil plant (food, oilseeds)
CellulosicCellulosic ((herbaciousherbacious energy crops)energy crops)
CellulosicCellulosic (woody energy crops)(woody energy crops)
Waste recycling (tallow, grease)Waste recycling (tallow, grease)
Residues (crop, forest, urban wood diversion Residues (crop, forest, urban wood diversion 
from landfills)from landfills)



Uses

Fuels:
− Ethanol
− Other Liquid Fuels
− Hydrogen

Electricity and Heat

Biobased Products
– Composites
– Specialty Products
– New Products
– Chemicals
– Traditional Products

Not all Not all BiofuelsBiofuels Production is the Same!Production is the Same!

Conversion

- Manufacturing
- Co-firing
- Combustion
- Gasification 
- Hydrolysis
- Digestion
- Pyrolysis
- Extraction
- Separation

Feedstock

- Forest Residues
- Hazardous Fuel

Treatments
- Short Rotation

Woody Crops
- Wood Waste
- Conventional 
Forestry
- Mill Wastes & 
Residues



Energy from BiomassEnergy from Biomass

Liquid transportation fuels (renewable solar, wind or Liquid transportation fuels (renewable solar, wind or 
geothermal only provide heat and power)geothermal only provide heat and power)
HeatHeat
Power (including coPower (including co--firing with coal)firing with coal)
Replace petroleum products (carbon fibers, plastics)Replace petroleum products (carbon fibers, plastics)
BiorefineryBiorefinery-- positive energy balance generating positive energy balance generating 
biofuelsbiofuels and and coproductscoproducts, process heat,  and electricity , process heat,  and electricity 
for the gridfor the grid



Economic DimensionsEconomic Dimensions



USDA Economic Research Service-WRS-0801 May 2008

Economics Economics –– market linkagesmarket linkages



InternationalInternational-- EthanolEthanol



InternationalInternational-- BiodieselBiodiesel



Social DimensionsSocial Dimensions



US Trends in US Trends in BiofuelsBiofuels from Cornfrom Corn



Food, Feed, Fuel and FiberFood, Feed, Fuel and Fiber



Environmental Environmental 
DimensionsDimensions



Land Use ChangeLand Use Change

Switching to growing annual Switching to growing annual biofuelsbiofuels crops in crops in 
place of food and feed crops on productive place of food and feed crops on productive 
landland
Global demand for food and feed crops Global demand for food and feed crops 
potentially shifts to new acres (domestically or potentially shifts to new acres (domestically or 
internationally)internationally)
““Carbon debtCarbon debt”” concept for sequestered carbon concept for sequestered carbon 
in perennial plants and soils now put into in perennial plants and soils now put into 
biofuelsbiofuels crop productioncrop production



BiofuelsBiofuels Production SystemsProduction Systems

Cost of inputs (energy, water, fertilizer)Cost of inputs (energy, water, fertilizer)
Biotechnology (improved yield and Biotechnology (improved yield and 
customized to assist conversion)customized to assist conversion)
Harvest and Transport (cost and efficiency)Harvest and Transport (cost and efficiency)
Locally matched feedstock and production Locally matched feedstock and production 
systems (economy of scale systems (economy of scale vsvs transportation)transportation)
Climate change (water availability, Climate change (water availability, 
temperature, precipitation, growing season, temperature, precipitation, growing season, 
yield, new crops, different conditions?)yield, new crops, different conditions?)



BiofuelsBiofuels that make sensethat make sense……

Use material that would otherwise have negative Use material that would otherwise have negative 
environmental consequencesenvironmental consequences

Reduces wildfire, improves forest health, protects Reduces wildfire, improves forest health, protects 
watersheds, and provides habitatwatersheds, and provides habitat

Produced on marginal lands with minimal inputsProduced on marginal lands with minimal inputs
Water, fertilizer, and low impact harvestingWater, fertilizer, and low impact harvesting

Scaled to match feedstock availability and provide Scaled to match feedstock availability and provide 
value to help maintain working landscapes value to help maintain working landscapes 
Have favorable net energy and net GHG profiles Have favorable net energy and net GHG profiles 



Certification and LabelingCertification and Labeling

ForestryForestry-- examples include Forest examples include Forest 
Sustainability Council and Sustainable Sustainability Council and Sustainable 
Forestry InitiativeForestry Initiative
Additional labeling about net energy and Additional labeling about net energy and 
greenhouse gas emission profile is evolving greenhouse gas emission profile is evolving 
and not yet availableand not yet available



Net Energy and Net Energy and 
Net GHG EmissionsNet GHG Emissions

Units of Units of biofuelbiofuel produced produced 
from 1 unit of fossil fuelfrom 1 unit of fossil fuel

Reduction in GHG emissions to Reduction in GHG emissions to 
make ethanol compared to gasoline make ethanol compared to gasoline 

made from fossil fuelmade from fossil fuel
1.31.3

Corn to ethanolCorn to ethanol
22%22%

88
Sugar Cane to ethanolSugar Cane to ethanol

56%56%

2.52.5
Soybean to Soybean to biodieselbiodiesel

69%69%

Up to 36Up to 36
Wood/Grass to ethanolWood/Grass to ethanol

91%91%

Data Sources (adapted from C.Mater, Mater Engineering)
•Corn to ethanol data:  US DOE; EPS; Renewable Fuel's Association; Energy Future Coalition; Worldwatch Institute
•Cane to ethanol data:  USDOE; Worldwatch Institute; Iowa State University
•Soy to biodiesel data:  USDOE; EPA; Worldwatch Institute;
•Woody/grass biomass to ethanol:  USDOE; EPA; WorldWatch Institute



Managing our lands for energy, food and fiber
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